In Australia, the largest importer of exotic plant species is the gardening industry, and most major environmental weeds originally derive from domestic gardens or nurseries. To provide strategies for weed management, this study aims to clarify two key points on the pathway along which garden plants flow from the market to the natural environment with the help of human activities. These are local residents' procurement of garden plants, and local residents' garden-related behaviour (e.g. leaving organic materials in reserves). We draw on a survey (382 respondents) among Wollongong (New South Wales, Australia) residents whose property has at least one boundary adjacent to bushland. Frequency analysis and ordinal regression were used. The results indicated that most respondents obtained garden plants, and relevant information, from nurseries but perceived that there was insufficient plant origin information (that is, whether introduced from abroad, native to Australia or local to the Illawarra) to help them make choices. It also indicated that a minority of respondents frequently left organic materials (such as lawn clippings) in reserves neighbouring their garden, and many of these respondents saw some benefits in doing so. This study confirms the significant role of nurseries in gardeners' plant choice, and raises questions about the significance of dumping garden waste. 
Introduction
In Australia, environmental weeds, defined as 'plants that invade natural ecosystems and are considered to be a serious threat to natural conservation' (Williams & West 2000, p. 425) , have been widely reported to be capable of leading to significantly reduced abundance and diversity of native species (Stenhouse 2001; Yurkonis et al. 2005) . Among exotic plant species that naturalised in Australia from 1970 to 1995, about two thirds were imported by the ornamental horticulture industry (Groves et al. 2005 ). This mirrors global processes in which the majority of significant environmental weeds are ornamental and garden plants outside their natural geographical range (Tyrrell 2007; Virtue et al. 2008) . Such plant mobility is not only a matter of history.
Growing national and international commercial trade in plants is implicated in the ongoing distribution of actual and potential environmental weeds (Drew et al. 2010) in Australia (Groves et al. 2005) , New Zealand (Howell 2008) , USA (Coats et al. 2011) and Europe (Heywood 2011) .
One important reason for the ongoing importation and sale of potentially invasive garden plants in Australia is poorly organised legislative control and the lack of a national response (Mason et al. 2005 ; see Drew et al. 2010 for the USA). Although there is a strong argument for a legislative system to restrict the trade of any plants with invasive characteristics at a national level (Roush et al. 1999; Moss & Walmsley 2005) , the administrative difficulty and expenditure would be considerable (Timms 2006; Gagliardi & Brand 2007) , and it may not be welcomed by the public. For example, plant bans and taxation are unpopular methods for weed management and may cause a backlash from the public (Dempster 2002; Gagliardi & Brand 2007) . Thus, state and local environmental controls and initiatives, and community education programs which rely on a clear understanding of the involvement of local residents in the flow of potentially invasive garden plants, remain key elements in weed management. Figure 1 shows the main pathway by which exotic garden plants spread into the natural environment with the help of human activities. After being imported and distributed through the nursery and horticultural industry, exotic plants are bought by gardeners and planted in domestic gardens. Subsequently, these plants may move across garden boundaries into neighbouring native vegetation (Zagorski et al. 2004; Groves et al. 2005 ). This study aims to clarify two key steps in the pathway, that is, from market to consumer (residents' procurement of garden plants), and from garden to the natural environment (via residents' garden-related behaviour). This aim was realised by drawing on a mail survey of householders whose property has at least one boundary adjacent to native vegetation designated as 'Natural Area' under the NSW Local Government Act 1993 in the Wollongong local government area (LGA), Australia. The two objectives of this study were to investigate: 1. several key aspects of plant purchasing decisions by gardeners, for example, plant sources and criteria used in choosing garden plants; and 2. selected gardener behaviour both in their garden and in neighbouring reserves. A literature review is presented in the following subsection.
Gardeners, nurseries and garden escapees
Demand from gardeners remains a major contributor to the nature of plants imported and developed for Australian markets (Fig. 1) , and invasive garden plants have not been recognised as a problem by many Australians (Blood & Slattery 1996; Head & Muir 2004 ). Gardeners do not necessarily prioritise nativeness or environmental issues such as potential invasiveness of garden plants when buying plants (Timms 2006; Qvenild et al. 2014) . For Australian gardeners, more important plant attributes are aesthetic characteristics (Timms 2006; Head & Muir 2007) , the extent to which plants enhance the beauty of gardens (Dignam et al. 2003) , their suitability for garden style and available space (van den Berg & van Winsum-Westra 2010; Doody et al. 2014) , and their care and watering requirements (Horticultural Research and Development Corporation 1991; Hitchings 2007; Qvenild et al. 2014) . The aesthetic characteristics of garden plants are especially valued, particularly in relation to the psychological needs of gardeners (van den Berg & van Winsum-Westra 2010) . For example, Kirkpatrick et al. (2012) reported that 84% of respondents cited 'planting for beauty' as a reason for planting garden trees. In general, Australian gardeners have been found to find exotic garden plants more attractive than native plants (Timms 2006) . It is such preferences that lead nursery businesses to search for and stock exotic plant species. This suggests the need for environmental initiatives that provide guidance about choosing garden plants to take the aesthetic preferences of gardeners into consideration when presenting alternatives to exotic plants.
Members of the public tend to assume that environmental weeds are not available for sale, and therefore plants on the market are not actual or potential weeds (Blood & Slattery 1996) . However, in Australia, nurseries, as a key source of both garden plants and gardening advice (Blood & Slattery 1996; Dempster 2002; Dignam et al. 2003) , may not actively cooperate with weed-control initiatives and weed authorities, and may not provide specific marketing for native or non-invasive plants. According to Moss and Walmsley (2005) (Groves et al. 2005) . To the authors' knowledge, people's plant choices and the extent to which plant origin information is available in retailers have not been comprehensively studied in Australia.
After plants are brought from nurseries to domestic gardens, they may spread into the neighbouring environment (Zagorski et al. 2004; Groves et al. 2005) by natural means, such as birds, wind, and storm water (Kern 2006; Timmins et al. 2010) , or human activities, such as dumping garden waste and via tracks and people walking through nearby reserves (Sullivan et al. 2005; Timmins et al. 2010) . The abundance of weeds in reserves is related to proximity, size, age and density of nearby human settlements, and species richness of gardens within them (Timmins & Williams 1991; Sullivan et al. 2004 ). There are more exotic plant species in urban areas than in rural and natural areas, because of favourable conditions (high light and high disturbance) for these species, and roads connecting cities to other settlements (Sullivan et al. 2005 ).
Hence, garden waste dumping in urban natural areas by gardeners has attracted much attention from weed authorities and relevant education programs as a likely source of environmental weeds in native vegetation (Batianoff & Franks 1998) . Dumping has been anecdotally reported to relate to weed establishment and has been broadly observed by local weed officers and previous studies (Sullivan et al. 2009 ). Garden waste is likely to increase the spread of weed species that would not disperse far by natural means, and closer dumping to reserves would reduce the time for a weed to reach there. Examples of such species include Broom (Cytisus scoparius) and Wandering Jew (Tradescantia fluminensis) (Timmins et al. 2010) . Although the potential role of dumping garden waste in weed dispersal has been demonstrated, and limiting weed dispersal by raising public awareness of responsible gardening has been recommended, questions about how frequently people perform this behaviour, and why, are little explored, as are garden waste disposal methods in general. spectrum to gain responses from various socio-economic groups. We did also consider sending more questionnaires to suburbs of low socio-economic status with low IRSAD ranks, because mail surveys to populations with a low economic status usually achieve low response rates (Mammen & Sano 2012) . However, we abandoned this idea, because sample size determined by response rate must be based on previous studies (Barlett et al. 2001 ), and we had no such data.
Methods and study area
Resource limitations precluded follow-up delivery of the survey. However, we delivered a follow-up letter thanking those who had completed the survey and requesting completion from those who had not. In case householders no longer had the survey, we again provided the link to an online version of the survey. Three hundred and eightytwo questionnaires were sent back (response rate = 19.1%). Finally, respondents indicated how often they performed the five given garden-related behaviours (gardening, weeding within the garden, and three behaviours -weeding, bush restoration, and leaving organic materials, such as lawn clippings -in neighbouring reserves). They are behaviours that gardeners would perform to generate or transfer plant residues, especially weed residues, across garden boundaries.
Spearman's rank-order correlation was conducted to explore relationships among these behaviours in order to indicate which behaviours generate the organic materials left in reserves, and where they are generated (within or outside garden). We also asked respondents to indicate their reasons for leaving organic materials in reserves (multiple responses were allowed), and which weed species they thought most significant in their garden or neighbouring reserves.
Results and discussion
There were four key results from this study. Firstly, most respondents obtained garden plants and relevant information from nurseries but perceived that there was insufficient plant origin information to help them make choices. Secondly, 'suitability to the conditions of my garden' and 'appearance' were the most common criteria for choosing garden plants. Thirdly, leaving organic materials in neighbouring reserve(s) was not commonly performed by most respondents. Only 6.6% of those who obtained plants from commercial garden plant retailers, and never performed bush restoration and weeding in neighbouring reserve(s), left organic materials at least once per month.
Finally, leaving organic materials is significantly correlated with bush restoration and weeding in neighbouring reserve(s), but has a weak correlation with gardening, indicating some organic materials left in reserves are probably not generated in gardens but in reserves themselves. If this is correct, it is likely that practices of leaving organic waste reserves is not simply a matter of dumping garden waste but may comprise a more mixed set of activities and materials arising from gardeners' activities and relationships across garden and reserve boundaries.
Plant procurement
Nearly 80% of respondents reported 'nurseries' as their source of garden plants (Fig. 2) .
Nurseries are frequently highlighted as sources by previous studies (Groves et al. 2005; Moss & Walmsley 2005; Timms 2006 ). 'Supermarkets and grocers' was the second most widely cited plant source (38.4%). It is unsurprising that they are considered to be potential competitors for nurseries, and they are partly responsible for the failure of members of the nursery industry to give up the sale of potentially invasive garden plants with commercial value (Moss & Walmsley 2005) . 'Friends and relatives' accounted for a similar proportion of respondents compared to 'supermarkets and grocers'. It will be hard to directly influence, by policy and environmental initiatives, the flow of garden plants between people who are not involved in commercial plant retailing, underscoring the importance of raising the public's environmental awareness and self-regulation.
Further, 'botanic garden/Greenplan', the council nursery and initiative, was a source for a relatively small proportion (23.5%) of respondents.
'Nurseries', reported by 62.3% of respondents, were also the most common source of respondents' information about choosing garden plants (Fig. 3) . This is consistent with previous findings (Blood & Slattery 1996; Roush et al. 1999; Dempster 2002) . Nearly 60% of respondents reported they have received plant information from 'friends and families', which is almost as significant as nurseries. 'Environmental initiatives (brochures and workshops)' (21%) and 'formal education' (6.1%) were among the least important plant information sources. The relatively minor role of initiatives in providing garden plants and information implies two possibilities. First, these initiatives may not be popular or accessible to most respondents. Even if residents who live adjacent to bushland generally do not want to grow invasive plants, they simply do not have enough information to guide their behaviour. Second, most respondents do not care about the weed issue and have no interest in contributing to natural area management, thus they simply ignore weed-control initiatives. If the first possibility is correct, it would be necessary for relevant authorities and environmental initiatives to question the effectiveness of the means by which environmental information about weed invasion is currently disseminated, and to develop strategies to remove the obstacles that inhibit the public from obtaining environmental information. If the second possibility is correct, there seem to be other factors that exert a more powerful influence on respondents' plant choice than environmental information. It is important to identify the underlying factors that contribute to, or inhibit, residents' environmental behaviour.
For perceived plant limitation, 44.7% of respondents reported that the plants offered by retailers limited their ability to choose what they wanted, while 40% disagreed with that, and the rest were unsure. For perceived origin information, 52.6% of respondents disagreed that retailers provided sufficient plant origin information, 29.3% agreed with that, and 18.1% ticked unsure. This indicates that consumers would benefit from enhanced plant origin information in garden plant outlets.
For the ordinal regression to examine the relationship between plant source and perceived origin information, we firstly examined its assumptions (all statistics in this model were generated by statistical package SPSS 17). The sample size (369) was deemed adequate, and 13.8% of the total cells (dependent variable levels by combinations of predictor variable values) had zero frequencies. In terms of multicollinearity, the tolerance values were all larger than 0.1, and the Variance Inflation Factors were all less than 10, showing collinearity was not a serious issue (Menard 1995) . The test of parallel lines (p = .316) indicated the assumption of proportional odds was not violated. The Nagelkerke pseudo R 2 (Table 1) for the regression analysis was 4.7% (this statistic approximates the amount of variance explained). Although it was relatively low, indicating that a model only containing these explanatory variables may not be a good predictor of the dependent variable, the results (Table 1) and 'to spread out') were among the least important issues, but still more than one third of respondents considered them.
Garden-related behaviours
The frequency of each garden-related behaviour is shown in Table 2 . The answer to each question asking the frequency of each behaviour was coded from 0 (never) to 5
(the other end of the scale). Table 3 presents means and standard deviations.
Most respondents gardened very frequently (Table 2) , with more than 60% gardening every day or at least once a week. According to Head and Muir (2007, p. 62 All of the behaviours in neighbouring reserve(s) were seldom performed by most respondents, with more than half never weeding, more than two thirds never doing bush restoration, and more than three fourths never leaving organic materials in neighbouring reserve(s). There are two possible reasons for the low frequency of weeding and bush restoration in neighbouring reserve(s). First, the vegetation in reserves may not be perceived as 'neat' and 'relaxing', and people generally do not take care of this kind of environment (Nassauer 1997; Beck et al. 2002; Clayton 2007) . Second, the public may have little willingness to take care of or protect bushland in reserves that are threatened by weed invasion, seeing these areas as council responsibility (Timms 2006; Head & Muir 2007) .
The results about leaving organic materials in neighbouring reserve(s) raise questions about the significance of this issue. Dumping garden waste is generally thought to assist in the spread of invasive garden plants (Sullivan et al. 2005; Timmins et al. 2010) . It is hard to conclude whether dumping garden waste manually by gardeners who live adjacent to bushland is a serious issue in our study area. Only 11.6% of respondents left organic materials in neighbouring reserve(s) at least once per month. Among respondents who obtained garden plants from nurseries, supermarkets or grocers, and did not perform bush restoration and weeding in neighbouring reserve(s), only 6.6% left organic materials at least once per month. Further, we do not know how much waste is dumped, nor anything about its composition. Nonetheless, the cumulative effect of continuous dumping at this rate may be significant. Although most respondents reported they have never left organic materials, the number of those respondents may be overestimated, because 'never leaving organic materials' may be treated as a socially desirable choice.
For respondents' reasons for leaving organic materials (N = 76), 'I use it as compost or mulch' (53.9%) and 'it is good for the environment' (31.6%) are the most common,
showing a majority of those respondents see some benefits to doing so. This is probably a sign of misunderstanding the potential environmental impact of domestic materials left in reserves. Other relatively common reasons included 'inadequate bin capacity' (27.6%) and 'it is convenient' (23.7%), and 3.9% of respondents chose 'other'.
The correlations (Table 3) for weed authorities to suggest to those people who weed or restore bushland in reserves that it is necessary to remove or eradicate the weed residues from reserves, because they may regrow.
Conclusion
In contrast to much previous research that tends to focus on either industry behaviour or structure, gardener preferences, or ecological perspectives on plant mobility, our Note: *p < .05; **p < .01; ***p < .001. For all predictors, base = no. 
